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PURPOSE: To use a circuit having high rewriting frequency and to simplify a con- 
trol circuit by forming a rewriting frequency setting circuit in a chip, and when 
the rewriting frequency exceeds a prescribed value, switching a memory cell 
block to the succeeding one. 

CONSTITUTION: Respective cell blocks 100-103 in the memory 1 are selected by 
the rewriting frequency deciding circuit 2 and the same locations in respective 
cell blocks are simultaneously addressed from the external. Since the maximum 
value N of rewriting frequency of the EEPROM is set up, the same acBresrtfT 
the cell block 101 is newly ^elected after ending the Nth rewriting of the same 
address in the ceil block 100. Said control is automatically execut ed by a detect- 
ing circuit 2 and a write control circuit 3. Data in respective c^tTbloclcs 100- 103 
are outputted through an OR circuit 4. 
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SPECIFICATION 

1. Title of the Invention 

Semiconductor Fixed Storage Unit 

2. Claims 

A semiconductor fixed storage unit, comprising: 

multiply split, electrically rewritable memory cell blocks; 

circuits for determining the number of rewriting cycles that select one of these 
memory cell blocks for rewriting and perform successive switching to other memory 
cell blocks once it is determined that the number of rewriting cycles for a certain 
memory cell block has exceeded a prescribed maximum number of rewriting cycles; 
and 

an OR circuit for inputting the output of each of the aforementioned memory 
cell blocks and outputting it to external output terminals. 

3. Detailed Description of the Invention 

Technical Field 

The present invention relates to an electrically erasable semiconductor fixed 
storage unit (hereinafter abbreviated as "EEPROM") in which the number of rewriting 
cycles can be increased without impairing reliability. 

Prior Art 

In the past, storage in EEPROMs having a floating gate structure was 
accomplished by applying a high voltage of about 20 V to the control gate of a storage 
transistor and using the tunnel effect to allow electrons from the drain to reach the 
floating gate through a thin oxide film formed on the drain. An ensuing disadvantage 
was that an increase in the number of times high voltage was applied, that is, an 
increase in the so-called number of rewriting cycles, resulted in the gradual 
deterioration and ultimate breakdown of the thin oxide layer. The problem, therefore, 
was that such EEPROMs were unsuitable for applications with high rewriting 
frequencies. 
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Object of the Invention 

An object of the present invention is to overcome such shortcomings and to 
offer an EEPROM that is adapted for use in circuits with high rewriting frequencies by 
providing the interior of a chip with circuits for determining the number of rewriting 
cycles, and switching to another memory cell block, which is prepared in advance, 
once a specified number of rewriting cycles is exceeded. 

Structure of the Invention 

The EEPROM of the present invention comprises multiply split, electrically 
rewritable memory cell blocks; circuits for determining the number of rewriting cycles 
that select one of these memory cell blocks for rewriting and perform successive 
switching to other memory cell blocks once it is determined that the number of 
rewriting cycles for a certain memory cell block has exceeded a prescribed maximum 
number of rewriting cycles; and an OR circuit for inputting the output of each of the 
aforementioned memory cell blocks and outputting it to external output terminals. 

Practical Examples 

Practical examples will now be described in detail with reference to drawings. 

Figure 1 is a block diagram of a practical example of the present invention. 1 is 
a memory cell section; in the practical example under consideration, four blocks (100 
through 103) are prepared. 2 are circuits for determining the number of rewriting 
cycles; four such circuits are prepared to correspond to the number of the memory cell 
blocks (hereinafter abbreviated as "cell blocks"). Furthermore, 3 is a block for 
controlling the writing and reading operation of EEPROM, and 4 is an OR circuit for 
transmitting data from each cell block to the outside. Address decoders, sense 
amplifiers, and other components necessary for the operation of the memory are 
omitted. 

The operation of the main block will now be described. A circuit 2 for 
determining the number of rewriting cycles comprises an analog converter and a MOS 
transistor with a floating gate structure that has a history of use in ultraviolet-erasable 
EPROMs. The threshold voltage Vth of the MOS transistor of this circuit 2 is 
proportional to the voltage V PP applied to the floating gate, as well as to the number N 
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of application cycles and the application time t, and is represented by the following 
equation. 

Vth = f(V PP , N, t) 

Therefore, the threshold voltage V T h is proportional to the number of rewriting 
cycles when the application time t and the magnitude of the gate voltage V PP are 
constant. 

Because the practical example under consideration involves setting up a certain 
margin with the respect to the maximum number of rewriting cycles at which a 
memory cell breaks down, there is no need for a high-precision threshold voltage V TH , 
that is, for a high-precision detection of the number of rewriting cycles. 

Each of the cell blocks of the memory cell 1 (divided into four equal 
blocks 100, 101, 102, and 103) is selected by the circuits 2 for determining the number 
of rewriting cycles, and the same locations inside the four cell blocks are addressed at 
the same time from the outside. 

When the maximum number N of rewriting cycles is established for the 
EEPROM, the same address inside the cell block 101 is newly selected for the cycle 
that follows the N-th rewriting cycle that has been completed for a certain address of 
the cell block 100. 

A specific example in which byte positions are rewritten will now be described 
with reference to Figure 2. 

Figure 2 is a block diagram of a memory cell portion of an EEPROM composed 
of the four blocks 100 through 103, and each of the cell blocks 100 through 103 
comprises An words, each eight bits long. Here, the cell block 100 shows a pattern 
obtained after the maximum number N of rewriting cycles have been performed, the 
cell block 101 shows a pattern obtained following an (N + l)-th writing cycle, and the 
cell blocks 102 and 103 show unused conditions. In the cell block 100, data 
corresponding to an address A K were selected for the (N + l)-th writing cycle, but 
because this exceeds the maximum number N of rewriting cycles for the cell block 100, 
the data for the corresponding word A K are erased (represented as zeros), the cell 
block 101 is then selected, and the desired rewriting data are written as the same word. 
The ROM pattern in Figure 2 represents this state. 
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With the number of rewriting cycles between N + 2 and 2N, eight-bit data 
corresponding to a specified address are temporarily erased, and data are then written at 
the corresponding address of the cell block 102 even when the number of rewriting 
cycles of each word of the cell block 101 has not yet reached N. This type of control 
can all be performed automatically by the circuit 2 for determining the number of 
rewriting cycles and by the writing control circuit 3. A technique already adopted with 
EEPROM can be used as the method for temporarily erasing the contents of a block 
prior to writing. 

The data to be read are outputted as valid data because the eight-bit data inside 
the cell blocks 100 through 103 are connected to the OR circuit 4. This is because 
unused cells all contain data zeros, and the words in cell blocks that have temporarily 
become invalid have all been erased and represented as data zeros. In the above 
description, the erased state of a memory cell is assigned a logic zero, and a written 
state a logic one. 

Merits of the Invention 

As described above, the present invention allows control circuitry to be 
simplified using a new cell block for rewriting operations after the number of rewriting 
cycles has exceeded the maximum number N of rewriting cycles even for a single 
word. In addition, rewriting control is performed automatically inside the chip, 
making it unnecessary to increase the number of external terminals and ensuring 
interchangeability of terminals with conventional products. 

The present invention thus allows the number of rewriting cycles for an 
EEPROM to be increased by adding reserve cell blocks, and is expected to have a 
wider scope of application. 

4. Brief Description of the Drawings 

Figure 1 is the principal block diagram of a practical example of the present 
invention, and Figure 2 is the ROM pattern diagram of the memory cell blocks shown 
in Figure 1. 

In the figures, 1 depicts memory cell blocks; 2 is a circuit for determining the 
number of rewriting cycles; 3 is a control circuit; 4 is an OR circuit; and 100, 101, 
102, and 103 are four equally split cell blocks. 
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Figure 2 
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